Summary. The third ventricular wall and its adjacent region of the arctic lamprey, Lampetra japonica, were studied by scanning electron microscopy to elucidate their surface fine structures.
Summary. The third ventricular wall and its adjacent region of the arctic lamprey, Lampetra japonica, were studied by scanning electron microscopy to elucidate their surface fine structures.
The specimens were caught in the mouth of the river during their anadromous migration.
The ventricular wall is covered entirely with the cilia of ependymal cells, with the exception of the ventral side of the lateral wall, the floor of the recessus infundibuli and a portion of the recessus posteriosus. In the ependymal layer covering the ventral side of the lateral wall, numerous protrusions of neurons are found equipped with microvilli and cilia. These neurons seem to correspond to the liquor-contacting neurons. Ependymal cells identified as tanycytes occur in the posterior portion of the floor of the recessus infundibuli.
The apex of the tanycyte is provided with numerous microvilli and a bundle of cilia, while its basal projection extends towards the outer layer of neurohypophysis to make contact with the capillary wall. A small spherule considered to be a secretory substance is observed near the root of the ciliary bundle. The recessus posteriosus consists of a layer of ependymal cells and neurons with an apical projection into the ventricular cavity. Possible intraventricular macrophage (Kolmer cell) is found in the lamprey.
In the ventricular wall of the higher vertebrates, the ependymal cells and neurons adjacent to the ependyma may be gathered into a circumventricular system and may participate in certain functions.
As these neurons are protruded into the ventricular cavity and in direct contact with the cerebrospinal fluid, the term "liquorcontacting neuron" was proposed by VIGH et al. (1960) . These structures were demonstrated successively in every vertebrate class, with the exception of the cyclostome as the representative of the most primitive vertebrates (BERTLER et al., 1963; VIGH-TEICHMANN et al., 1970; VIGH, 1971; CLEMENTI and MERINI, 1972; DE WAELE et al., 1974) .
From the phylogenetic point of view, we have tried to examine the occurrence of monoaminergic neurons in the central nervous system including the hypothalamus of the arctic lamprey HONMA, 1970) . In the course of the study, fluorescence appearing as a flame-bulb was demonstrated in the circumventricular area. Encouraged by this finding, the present study was undertaken to demonstrate a neural or humoral pathway between the ventricular area and the hypothalamo-hypophyseal complex in the lamprey. Thus, histological observation was made on the wall of the third ventricle as a portion of the so-called circumventricular system through the central canal of the spinal cord, using scanning electron microscopy, in addition to routine light microscopy. * Contributions from the Sado Marine Biological Station, Niigata University, No. 274.
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Material and Methods A number of the arctic lamprey, Lampetra japonica, from the Japan Sea in the process of upstream migration for spawning were caught in the lower reaches of the Agano River and the Shinano River during the winter season. After decapitation, blocks of the brain with the area of the third ventricle were removed quickly, and immersed in 5% glutaraldehyde in cacodylate buffer of pH 7.4. After washing in hrs. Blocks were dehydrated in ethanol or acetone, transferred to isoamyl acetate and critical-point dried using liquid CO2. The blocks were then coated with carbon and gold and observed and photographed in a JSM-U3 type scanning electron microscope under the accelerating voltage of 10-15kV. For non-coated scanning electron microscope specimens, the tannin-osmium method recommended by MURAKAMI (1974) was used.
In parallel with scanning electron microscopy, light microscopy was also achieved. The brain was immersed in Bouin-Holland-sublimate solution for 2 days, dehydrated and transverse directions, and stained chiefly by PbH, and PAS-alcian blue and orange G (EL ETREBY et al., 1973) , and observed by a Leitz Orthoplan microscope.
Results

Light microscopy
The general structural pattern of the hypothalamo-hypophysial system of the arctic lamprey has already been described by us (HONMA, 1969; HONMA and HONMA, 1970) . As shown in low power scanning electron microscopy, the third ventricle is spacious and cylindrical, though the infundibular floor forms the swollen recessus that is lined with the anterior and posterior neurohypophyses (Fig. 1) . The present observation covers the dorsal and ventral wall of the third ventricle, i.e., the ventral side of the thalamus and hypothalamus, recessus posteriosus and recessus infundibuli.
By preparation stained with PbH in combination with PAS reaction, the neuron with bulbous protrusion is seldom demonstrated in the ependymal layer of the ventral side of lateral wall, the free surface of which is covered with cilia (Fig. 2) . In the posterior portion of the floor of the recessus infundibuli, two types of cells can be distinguished besides the predominant ependymal cells: the subependymal cell with an apical tuft, and the bipolar neuron located in the deeper zone (Fig. 3) .
Scanning electron microscopy Dorsal wall: Most of the surface of the ependymal layer of the third ventricle is covered by numerous cilia. However there is no definite direction in the inclination and bending of the cilia (Fig. 4) . Similarly, the major part of the lateral wall of the third ventricle is covered with the cilia projected from the ependymal cell.
Ventral wall (Ventral side of the lateral wall): The lining wall of the ependyma of this region is equipped with dense microvilli and numerous cilia projecting into the ventricular cavity. Large bulbs, tending to be gathered, are protruded from the ependymal surface to the ventricular cavity.
They are distributed fairly densely, bulbs may be equipped with minute projections (Fig. 5) . If broken bulbs are observed, fine granules can be seen packed densely in the interior of the bulb. Besides the bulbs, granular and bleb-like protrusions are detected in the ependyma. Noticeably, in the ventral side of the lateral wall of the third ventricle, in particular the hypothalamic region, one may encounter a ridge bearing projections of an unknown nature consisting of spherical bodies of various sizes (Fig. 6) . The spherical bodies 7 8 Fig. 5 . Ventro-lateral wall of the ventricle equipped with the dense microvilli, numerous cilia and bulbous projections which are considered to be a part of so-called liquor-contacting neuron. Several bulbs with minute projections are seen in addition to the smooth surfaced ones.
Recessus posteriosus:
The ventricle of this region is also covered with microvilli and cilia, although these elements are fewer than in the ventral side of the lateral wall. The bulbous structures, essentially identical with those of the ventral side (Fig. 5) , are protruded from the ependyma.
They are almost smooth in surface; the minute projections are seldom recognized. The bulb is solid and occupied exclusively with fine granules.
Recessus infundibuli:
The floor of the recessus infundibuli of the lamprey is considered to be homologous with the neurohypophysis in higher vertebrates, and the posterior half of the recessus infundibuli corresponds to their pars nervosa (neural lobe).
The anterior portion of the ependymal layer is equipped with innumerable microvilli, and the distribution of the cilia projected from the surface is comparatively an enlarged picture of the ependymal layer, it appears to be flat, and a bundle of cilia, 20 to 30 in number, projects from an ependymal cell into the ventricular cavity (Fig.  7) .
On the other hand, the posterior portion of the ependymal layer is covered entirely with microvilli, and, characteristically, cilia are fewer than in the anterior portion (Fig. 8) . The boundary of each ependymal cell is distinct, and its surface shows considerable undulation.
A bundle of 15 cilia or thereabouts are protruded from each cell, bend and extend gradually toward the anterior tip of the bundle (Fig.   Fig.  9 . Posterior portion of the ependymal layer of the recessus infundibuli covered entirely with the microvilli. The boundary of each ependymal cell 9). It is noticed that in the base of the ciliary bundle there is a spherule considered to be a secretory substance.
Discussion
By light microscopy and transmission electron microscopy, the liquor-contacting neurons have been recognized in the hypothalamic region near the ventricular wall of several vertebrate animals, such as carp (Cyprinus carpio), viviparid lizard (Lacerta viridis), rat, hedgehog and guinea pig (VIGH, 1971; VIGH-TEICHMANN, 1971; VIGH and VIGH-TEICHMANN, 1973) . As scanning electron microscopy affords fine-structural examination over a wide surface, various ventricular structures among diverse vertebrates have been examined by these methods, including the wall of the third ventricle of the frog (Rana temporaria) (DE WAELE et al., 1974; DIERICKX and DE WAELE, 1975a, b) , the organum vasculosum lamina terminalis (WEINDL and JOYNT, 1972) , the floor of the third ventricle (CLEMENTI and MERINI, 1972) , and the recessus infundibuli (SCOTT et al., 1972) of several mammalian species, such as the squirrel-monkey, cat and rabbit.
However, a paper dealing with the third ventricle of the lamprey has not been available as yet.
Certain structures corresponding to the liquor-contacting neurons of higher vertebrates are seen in the ventral side of the lateral wall and the posterior portion of the recessus infundibuli in the lamprey (Fig. 5) . By possessing the bulbous projections, the neurons in question are closely similar to the monoaminergic cells which are located in the subependyma of the lamprey and have been demonstrated histochemically by fluorescence microscope (HONMA, 1969; HONMA and HONMA, 1970; KONSTANTINOVA, 1973; OCHI and HOSOYA, 1974) . It seems reasonable enough to identify them as the same neurons.
The floor of the recessus infundibuli of the lamprey is equivalent to the neurohypophysis, and is roughly divided into two portions, anterior and posterior, the latter corresponding to the pars nervosa of the higher vertebrates (WINGSTRAND, 1966; HONMA, 1969; PERKS, 1969; TSUNEKI et al., 1975) . The pars nervosa borders on the pars intermedia with an intervening streak of capillary.
So-called tanycytes and their allied cells proposed first by HORSTMANN (1954) in the brain of elasmobranchiate fish are also demonstrated in the present examination (Fig. 9 ). This type of ependymal cells has already been described in another lamprey (Lampetra fluviatilis) (POLENOV et al., 1974) . The tanycytes have a bundle of cilia on their apex protruded into the ventricular cavity, while their long cytoplasmic projection is directed toward the outer (ventral) layer of the pars nervosa, and ends at a capillary wall. A spherule considered to be a secretory substance is noticed near the root of the ciliary bundle of the apex of the cell. Accordingly, the tanycytes of the lamprey neurohypophysis may have the possible role on the transportation of the substance, including secretion and absorption, between the cerebrospinal fluid and the capillaries of the systemic circulation as intimated by POLENOV et al. (1974), and PERCY et al. (1975) . The present investigation reveals that there are some differences between the organization or structural pattern of the surface layer of the anterior neurohypophysis and the posterior one. However, whether or not an appreciable difference exists between the function of these two parts is unknown as yet. Moreover, the granular structures found in the ventral side of the lateral wall of the third ventricle likely corresponds to the Kolmer cells or the intraventricular macrophages (KOLMER, 1921; HOSOYA and FUJITA, 1973) . However, their role and relation to the nearby structure are the problem remaining to be solved. Further scanning studies in combination with transmission electron microscopy on the third ventricular wall in several developmental stages of the lamprey are in progress to elucidate the organization and activities of its ependymal and subependymal layers.
